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Modtaget 
1 27 SEP. 2002 

Spatially encoded polymer matrix PVS 

An patent and non-patent references cited In the present patent application is hereby 
incorporated in their entirety. 

S . 

Field of invention 



The present Invention relates to an encoded beaded polymer matrix for combinato- ' 
rial solid phase synthesis, assaying, functional proteomlcs. and diagnostic use. The 

10 matrix comprises a plurality of spatially immobilised particles. The spatial Immobili- 
sation of the particles confers on each bead polymer matrix a "fingerprint* which 
enables fdentffication of unique beads of polymer matrices in a population of beads 
of different polymer matrices. The unique identification of individual bead polymer 
Matrices makes it possible to perform combinatorial chemistry strategies while tog- 

1 6 ging Individual chemical transformation. 

Background of Invention 

The synthesis of organic molecules on solid-phase synthesis beads has experf- 
20 - enced an explosion of interest since Merrifieid's pioneering work in the peptide area 
several decades ago. In large part, this renaissance has been driven by the advent 
of combinatorial chemistry, which takes advantage of the ability to synthesize large 
and diverse libraries of compounds efficiently on solid support 

25 One inherent difficulty of producing large libraries by combinatorial chemistry is the 
problem of how to determine the reaction history in the form of the individual synthe- 
sis steps resulting in the synthesis of any given combinatorial library member. With- 
out such Information it is not possible to deconvolute the structure of the combinato- 
rial library member. 

30 • 

When employing a large number of send supports and a large number of synthesis 
steps and/or processing methods, the procedure of "deconvolution* is particularly 
difficult In many practical cases, where high throughput screening and fast analysis 
is required, this problem is inherently associated with conventional methods for 
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solid-phase synthesis. 

Despite the tremendous practical advantages afforded by solid-phase synthesis, few 
reports have appeared fn which a direct determination of the orwesin chemistry has 
5 been made possible In a practical way. Examples of techniques that have been 

used include radiography, nanoprobe nuclear magnetic resonance, single-bead fluo- 
rescence microscopy, IR spstroscopy, and optical analysis. 

Combinatorial libraries may be assembled by a number of methods including the 
10 "split-and-recombine" methods described ag ; by Furka et ai. (1988, 14th Int Congr. 
. Biochem., Prague, Czechoslovakia 5:47; 1991, Int J. Pept Protein Res. 37: 487- 
493) and by Lam et al. (1991, Nature 364: 62-84), and reviewed by Eichler et a!. 
(1995, Medicinal Research Reviews 15 (8): 461-496) and by Balkenhohl et al. 
(1996, Angew. Chem. Int. Ed. Engl. 35: 2288-2337). 

15 

The split-and-recombine synthesis method involves dividing a plurality of solid sup- 
ports such as polymer beads into n equal fractions representative of the number of 
available "building blocks" for each step of the synthesis (e.g. # 20 L-amino acids, 4 . 
different nucleotides etc.), coupling a single respective bunding block to each poly- 
20 mer bead of a corresponding fraction, and then thoroughly mixing the polymer 

beards of all the fractions together. This process is repeated for a total of x cycles to 
produce a stochastic collection of up to N x different compounds. 

The conventional split synthesis technologies referred to above present difflcuttfes 
25 when it Is desired to detect and Isolate a combinatorial library member of interest. In 
this regard, it is necessary to first cleave the member from its solid support before 
Identifying the member by techniques such as mass spectroscopy or HPLC. This is 
time consuming and cumbersome and in some cases, cleavage Is riot possible. 

30 Janda (1994. Proa Natl. Acad. Sci. USA 91:10779-10785) describes a method in 
whfch eacti synthesis step of a combinatorial library member is followed by an inde- 
pendent coupling of an identifier tag to a solid support. Through a series of sequen- 
tial chemical steps, a sequence of identifier tags are built up In parallel with the 
compounds being synthesized on the solid support When the combinatorial synthe- 

35 sis is complete, the sequence of operations any particular solid support has gone 
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through may be retraced by separately analysing the tag sequence. Accordingly, 
use of Identifier tags in this manner provides a means whereby one can identify the 
building blocks sequentially added to an individual solid support during the synthesis 
of a member of a combinatorial library. 

5 

WO 93/06121 disclose a general stochastic method for synthesising a combinatorial 
compound library on solid supports from .which library members may be cleaved to 
provide a soluble library. The Identifier tag may be attached directly to a member of 
the library or to the solid support on which the member is syntheslsed. Tags such as 
.1 0 oligonucleotides can be identified by sequencing or hybridisation. Amplification of 
oligonucleotide tags by PCR can be employed when only trace amounts of oligonu- 
cleotides are available for analysis. However, such identification methods are time 
consuming and Inefficient 

15 US 5.721,099 discloses a process for constructing complex combinatorial ehemicaf • 
libraries of compounds wherein each compound is produced by a single reaction- 
series and is bound to an individual solid support on which is bound a combination 
of four distingulshable identifiers which differ from one another. The combination 
provides a specific formula comprising a tag component capable of analysis and a 

20 linking component capable of being selectively cleaved to.release the tag compo- 
nent Prior to analysis of a combinatorial library, each tag component must be 
cleaved from the support thus creating at least one additional step which is time 
consuming and inefficient 

25 Also, the above methods all rely on parallel, orthogonal synthesis of identifier tags 
which adds substantially to the time taken for completion of a combinatorial synthe- 
sis and has the potential of interfering with the synthesis. 

Spectrometric encoding methods have also been described in which decoding of a 
30 library member is permitted by placing a solid support directly into a spectrometer 
for analysis. This eliminates the need for .a chemical cleavage step. For example, 
Geysen et al. (1996, Chem. BioJ. 3: 679-688) describe a method In which fsotopi- 
cally varied tags are used to encode a reaction history. A mass spectrometer is used 
to decode the reaction history by measuring the ratiometric signal afforded by the 
35 multiply Isotopically labelled tags. A disadvantage of this method is. the relatively 
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small number of multiply isotopicaNy labeled reagents that are commercially avail- 
able. 

Optical encoding techniques have also been described in which the absorption or 
5 fluorescence emission spectrum of a solid support is measured. SebestySn et a). 
(1993, Pept 1992 Proa 22nd Eur. Pept Symp. 63-64), Campian et al. (1994, In 
Innovation and Perspectives on Solid Phase Synthesis; Epton. R., Birmingham: 
Mayflower, 469-472), and Egner et al. (1997. Chem. Commun. 735-736) have de- 
scribed the use of both chromophobe and/or fluorescent tags for bead labeling in 
1 0 peptide combinatorial synthesis. Although this use provides en advantage for de- 
convoiuting the structure of a library member by determining the absorption or fluo- 
rescence emission spectrum of a bead, the encoding of a large library would require 
the'use of many chromophores or fluorophores where spectral superimposttion 
would be a likely drawback. 

15 

WO 95/32425 discloses the coupling on beads of (i) fluorescentty labelled tags hav^- 
ing intensities that differ by a factor of at least 2, and/or (li) multiple different fluores- 
cent tags that can be used in varying ratios, to encode a combinatorial library. Such 
beads may be used in concert with flow cytometry to construct a series of combina- 
20 torial libraries by split synthesis procedure. Although this method has advantages in 
relation to' providing a lead structure,' it is necessary to construct and analyse multi- 
ple libraries commensurate with the number of stages used for the combinatorial 
synthesis, which is cumbersome and time consuming. 

25 WO 97/1 5390 describes a physical encoding system In which chemically inert solid 
particles are each labelled with a unique machine readable code. The code may be 
a binary code although higher codes and alphanumerics are contemplated. The 
code may consist of surface deformations including pits, holes, hollows, grooves or 
notches or eny combination of these. Such deformations are applied by micro- 

30 machining. Alternatively, the code may reside in the shape of the particle'itseif. Solid 
particles comprising a first phase for combinatorial synthesis and a second phase 
containing a machine readable code are exemplified wherein the second phase may 
be superimposed on, or encapsulated within, the first phase. The microscopic code 
on the particles may. be Interrogated and read using a microscope-b&sed image 

35 capture and processing system. The machine readable code may be read "on-line* 
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between different process steps of a- combinatorial synthesis thus allowing the proc- 
" ess sequence, or audit trail, for each bead to be recorded. 

Nano bar coding for bloanalysis has also been described by Keating, Natan and co- 
5 workers (Science, 2001 , vol. 294. 1 37), 

WO 00/32542 discloses high throughput screening based on carriers having distinc- 
tive codes such as electronmagnetic radiation-related compounds. Similar methods 
have been described by Battersby et al. (2001, Drug Discovery Today. vol..6 ( no. 12 
10 (Suppl.), S19-26); Battersby and Trau (2002, Trends In Biotechnology, vol. 20, no. 4, 
167-173; Meza (2000. Drug Discovery Today, vo. 1, no. t, 39-41), and by Farrer et 
al. (2002, J. Am. Chem. Soc, vol. 124, no.. 9, p.1934-2003). 

Many of the disadvantages of the Known methods described above as well as many 
15 of the needs not met by these methods are overcome by the present invention, 
which, as described herein below, provides several advantages over the above- 
described prior art methods. 

• . » 

Summary of the Invention 

20 

It is a first object of the present Invention to prepare libraries of specific active com- 
pounds with respect to biochemical interactions, catalysis, host-guest interactions, 
and preferable materfafs properties. This Is exemplified by compounds such as e,g. 
polypeptides (alpha-peptides. beta-peptides, and the like), polynucleotides (DNA, 
25 • RNA, UsIA and PNA, including non-natural and modified nucleotides comprising 

non-natural or modified nucleobases and/or backbones and/or carbohydrate moie- 
ties), as well as carbohydrates and mimetics of these compound classes. The li- 
braries are preferably bead based end-offer as such several advantages over prjor 
art libraries based on chips and similar solid supports. 

30 

The active compounds of the invention can be screened for the Identification of 
novel llgands that interact with e.g. a receptor target of interest As such, the active 
compounds can.be used ag. for identifying or further develop potential drug candi- 
dates, new catalysts and materials with novel functionalities. One important appBea- 
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tion of the libraries Is in the diagnostic and functional proteomics area. In the follow- 
ing the use is exemplified by the screening of biological targets. 

For any given receptor target, the probability of successfully identifying a potent II- 
gand through a process of randomly screening molecular repertoires Will increase as 
the size and structural diversity of the library is also increased. The present inven- 
tion now makes it possible to I) rapidly identify an individual bead in a composition of 
beads based on individual bead "fingerprints", and ii) immediately "deconvoluting' 
the sequential steps employed in the solid-phase synthesis of the biologically active 
compound on the Individual bead in question. 

In order to solve this problem the invention provides in a first' aspect a beaded pory- , 
mer matrix In which smaller particles In the form of granulated particles or small 
beads have been immobilized in a random spatial arrangement such that each bead 
is uniquely identified by the 3-dimenslonal pattern formed by the particles. The parti- 
cles can be labelled parficles made from the same polymer material as the base 
synthesis polymer or they can be composed of a different material. The pattern can 
be detected by a property of the particle that differs from the surrounding polymer. 

* This difference pan be achieved by fluorescence labels, colour labels or by different 
diffractive or reflective properties of the immobilized material. 

The uniquely labelled particles can be divided into portions with recording of their 
identity and location and subjected to different reaction conditions accordingly. Us- 
ing combinatorial methods-such as "Split and reoombine w synthesis it is thus possi- 
ble to record the precise history of reactions for each partide and thereby the struc- 
ture of the product formed for each unique bead. 

It is furthermore possible after screening end isolati on of active hits to identity the • 
structure of the active beads by recording the encoding pattern of the bead and cor- 
. relate the pattern with ail patterns recorded during the synthesis. 

* It is also possible to use the tool to perform diagnostic tests with mixtures of active ' 
figands on encoded beads and after measuring the clinical values from the beads 
decode the results by reading the pattern of the beads. 
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A method of recording the unique pattern of each bead Is by recording the relative 
coordinates of the center of the particles. These can be converted into absolute and 
unique parameters for each bead by generating the distance matrix of inter particle 
distances. 

5 

• The coordinates of the particles in a bead can be generated in a variety of different 
ways. 

• • 

1 . A laser or conventional light exttation of the entire bead can be combined 
10 with detection along 3 orthogonal axis with three CCD cameras and the three 

• sets of coordinates measured in 2D X.Y; Y,Z and X.2 for each particle can 
be used to correlate the particles to give a unique set of parameters XYZ for 
each immobilized particle. 

15 2. A principle of focal or oonfocal microscopy can be used to obtain a 3D repre- 

sentation of the bead in which the 3 coordinates are the x and y of the parti- 
cle in the a particular picture while the z-coordinate Is derived from the focal 
depth. 

20 3. Using fluorescence labelled particles a set of two focuesed alternating scan- 

ning, lasers along two orthogonal axis can excfte the fluorophores on a mov- 
ing particle in a flowcell and the fluorescence recorded with a pmt The coor- 
dinates are generated from the two excitation positions and the position of 
the bead in the fluidic stream. This bead position is measured by the time of 

25 flight of the bead as determined from extinction measurement on ope of the 

lasers. 

» 

The methods and bead products described above can be used to identify single 
beads out of a very large assembly of beads by rapid decoding at any point of proc- 
30 ess time. They can furthermore be used in connection with diagnostic kits where a 
large mixture of beads are used in a fashion similar to that of spatial arrays of e. g. 
DNA or protease substrates. 
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Definitions 

Beaded polymer matrix: A beaded polymer matrix is a multitude of beads of 
crossllnked polymer formed by beading according to principles of suspension or 
5 inverse suspension polymerization, by spray polymerization, or by droplet polymeri- 
sation. 

Bioactive compound: Molecules comprising a sequence of building blocks, which 
includes e.g. L-amino adds, D-amino acids, or synthetic amino acids, such a beta- 
10 amino acids, as well as natural and non-natural nucleotides and polynucleotides, 
and carbohydrates. It will also be understood thai different basis sets of building 
blocks may be used at successive steps in the synthesis of a compound of the in- 
vention. 

1 5 Carrier Used Inierchangably with a beaded polymer matrix or a granulated polymer 
matrix. 

Code: Used fnterchangably with the unique nature of individually identifiable beads 
or granules the identification of which resides in the unique spatial distribution of a 
20 plurality of particles or vacuoles. The code for each bead or granule is unique. 

Coordinates; The coordinates are relative coordinates assigned to particles In the 
bead 

25 2 Ocoordlnates: these are coordinates of panicles in a 2-D projection of the particle 
along one of three orthogonal axis 

Encoded beaded polymer matrix: This is a beaded polymer matrix formed by polym- 
erization of a monomer mixture comprising a dispersion of particles. 



30 



Essentially: This term signifies that a physical process often yields a result that devi- 
ates from the theoretical result expected due to inheterogenlety and incomplete 
control of the process. 
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Essentially monodteperse: This indicate that a slight tendency towards inhomoge- 
nous location of particles can be expected due to differences in density and aggre- 
gation phenomena. 

Essentially spherical: Any spherical object for which the distance from the gravita- 
tional centre to any point on the surface of the object is in the range of from a quar- 
ter of the average distance from the gravitational centre to the surface to preferably 
less than four times the average distance from the gravitational centre to the sur- 
face- 
Essentially the same diameter: The diameters are never Identical sincea gaussian 
distribution of bead sizes is obtained during polymerization 

Fluorescentiy detectable: An unsaturated organic molecule, a complex, an alloy or a 
1 5 transition metal that is excited at one wavelength and due to electronic structure and 
heat emmision return to ground state with emmlslon of a photon at a different 
wavelength, which can be detected. 
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HYDRA: PEG-triamlnoethylamine star copolymer; 

Individually detectable: This refer to the separation of beads In a fluldic stream of 
beads that allow recording of the encoding pattern of each individual bead. 

PEGA: PEG-aoylamfde copolymer (may be alkylated'on amide) 



Photon fluorescence spectroscopy. One photon fluorescence spectroscopy, 
which Is the same as standard fluorescence spectroscopy, is based on the facts that 
a molecule can be excited by a single photoa and that the excited molecule after a 
internal process emits a photon with a lower energy than the excitation photon. The 
30 energy (the spectrum) as well as the rate of emission Is specific for the molecule in 
• Its specific environment IWo-photon excitation of fluorescence is based on the prin- 
ciple that two photons of longer wavelength fight are simultaneously absorbed by a 
fluo/DChrome which would normally be excited by a single photon, wfth a shorter 
wavelength. The non-linear optical absorption property of two-photon excitation lim- 
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its the ffuorochrome excitation to the point of focus. 

POEPOP: Polyethyleneglycol-polyoxypropylene copolymer 

5 Resolution: This term refer to the resolution of a detection method, in a cod frame- 
. grap this is defined by the number of pixels and the optics used to produce the pic- 
ture, in a scanning laser detection this relates to the cross-section of a laser beam at 
the point of excitation. 

- 10 Solid phase synthesis: Synthesis where one of several of the reactants forming. the 
target molecule is attached to a solid support e. g. a beaded polymer 

Spatial position: Position of a bead or particle in space defined by Cartesian coordi- 
nates 

15 

Spatially immobilised particles: Particles which are immobilized in a surrounding 
polymer matrix- in such a way that the individual distances between the immobilized 
particles are constant in a particular solvent. 

20 SPOCC: Polymer obtained by ring opening polymerisation of partially or fully 3- 
methyloxetan-3-ylmethyl alkylated PEG. 

Swelling: When heads or granules or particles or vacuoles are capable of swelling, 
any physical measurement of the afore-mentioned, including size determinations 
25 and volume determinations, refer to measurements conducted for the swelled bead 
or granule or particle or vacuole. Swelling of the beads are for practical reasons 
measured as the volume of a packed bed of beads swollen In a specific solvent and 
divided by the dry weight of the beads. The unit is given as ml/g. Typical solvents 
are water, methanol and dichloromethane, but any suitable solvent may be chosen. 

30 

Unique distance matrix: Each bead is uniquely Identified by an orientation inde- 
pendent distance matrix describing the relative positions of particles within the en- 
coded bead. 
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Uniquely Identifiable: The encoded beads are uniquely Identifiable within the limits 
' of statistical probability of occurrence of identical beads and resolution of identifica- 
tion method. With a practical resolution of 1:100 and only 4 encoding particles the 
probability of e. g. selecting two identical beads is 10* according to Monte-Carlo 
simulation. A total of -1 0 1S different beads may be encoded. 

Brief Description of the Drawings 

Scheme 1: The Immobilisation of fluorescently labelled small PEGA^partlcles in a 
PEGA-polymer by inverse suspension polymerisation of a mixture of small labelled 
particles with partially acryloylated bis-amino PEG 

Scheme 2: Polymers particularly useful for Immobilization of encoding particles are: 
A) PS, B) POEPS. C) POEPOP, D) SPOCC/E) PEGA, F) CLEAR, G) Expansin, H) 
Polyamide, I) Jandagel or derivatives of any of these. Alginates, gelatines, aluminas, 
pore glasses and silfcas are other types of useful supports. 

Figure 1 : The principle of recording of coordinates for encoding particles In a bead 
and conversion to a orientation Independent distance matrix that uniquely identifies • 
the single bead. Three unique distances within 500 micron beads comprising 1 mi- 
cron particles there is 65.449.846 positions giving in theory - 3 x 10 23 combinations 
from which at least 3 x 1 0 15 will be unique. Orthogonal recording on three LCD de- 
tectors yields 9 co-ordinates. These can be paired based either on fluorescence 
intensity or on a fourth non orthogonal detector. Conversion to inter-particle dis- 
tances gives an orientation Independent parameter set The 3 distances (3 particies) 
are sorted and indexed according to the longest distance. Beads are sorted accord- 
ing to number (3. 4 or 5) of particles prior to use. If beads with 4 particles are used. 
6 distances are stored etc. Alternatively, two scanning lasers can directly yield the 
three coordinate sets on the moving bead. 

Figure 2. Recording of particle coordinates with 3 ccd's for xy-plane placed along 3 
orthogonal axis by excitation of the bead with a single laser pulse. 

Figure 3. Recording of coordinates of particles in a bead by focal or confbca! mi- 
croscopy. 
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Figure 4. Recording of coordinates of particles In a moving bead by two alternating 
scanning lasers. 

6 Figure 5. Recording of coordinates of particles using a single laser and a rotating 
mirror with reflection from 3 angles. 

Scheme 3. Split and combine synthesis of a library of 400-dipeptides on 1000 beads 
with reading of encoding at each reaction step. 

10 

Figure 6 A-l. Selected examples of pictures of 20 selected beads shown with the 
pool of identification out of 20 possible for each reaction step. 

Figure 7 A and B. Two sets of 3 orthogonal pictures with 3 fluorescent particles im- 
15 mobilised In a bead. 

Figure 8. Monte Carlo simulation of 10*000 beads of 500 units diameter. Using 4 
fluorescent, particles, the relative frequencies for different encoding separations nv 
(see text) are plotted. The main figure is given on the basis of 100*000 out of the 

20 total of J Z 50 million pair-wise distances between the encoding vectors, while 

the Inset uses all 50 millions. Note that only in 2 out of 10'000 cases nv P 12 units, 
and that in none of the 50 million pairs nv V 3 units. 

Table 1. Visually Identified beads In each reaction step indicating amino add se- 
25 quence and verification of the result by Edrnan degradation sequencing. 

Detailed Description of the Invention 

Polymer matrix 

30 

it is one object of the present invention to provide an encoded, beaded or granulated 
polymer matrix for solid phase synthesis comprising beads or granules each com- 
prising a plurality of spatially immobilised particles or vacuoles, wherein each parti- 
cle or vacuole is individually detectable. The matrix has different optica) or spectro- 
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scopic properties from those of the immobilised particles or vacuoles. The immobi- 
lised particles or vacuoles can be rponodteperse or heterodlsperse, and the immobi- 
lised particles can be regular spherical .beads or vacuoles, or they can be Irregular 
particles. 

5 

Each beaded or granulated polymer matrix preferably comprises at least 2 particles, 
such as at least 3 particles, for example at least 4 particles. The particles can be 
essentially spherical, and preferably at least 2 such as 3, for example 5 of said parti- 
cles have essentially the same diameter. The particles are preferably essentially 
1 0 * monodisperse and/or less than 10 micrometer in diameter, such as less than 5 mi- 
crometer in diameter, for example less than 1 micrometer in diameter, such as less 
than 0.1 micrometer in diameter. 

Beads and granules of the oolvmer rrjatri^ 

15 

The present invention resides, at least in part* in a bead on which a compound can • 
be synthesised, wherein the bead has at least two markers integrally associated 
therewith, which markers are detectable and/or quantifiable during synthesis of the 
compound. The markers define a code identifying the bead before; during and after 

20 synthesis of a compound. Througb the use of its plurality of detectable and/or quan- 
tifiable markers, preferably optically detectable and/or quantifiable markers, the 
bead of the present invention provides more "pre-encoded" information compared to 
other beads of the prior art and thus provides larger combinational library sizes that 
• can be encoded! . 

25 . 

This "pre-encoded" information may be read by specialized flow cytometers and can 
be used to track the synthetic history of an individual bead in a combinatorial proc- 
ess as described hereinafter. The larger the diversity of detectable and/or quantifi- 
able markers Of a bead, the greater the degree of decipherability or resolution of the 

30 bead in a large papulation of beads. In this regard, each detectable and/or quantifi- 
able marker of a bead provides at least a part of the information required to distinc- 
tively Identify the bead. The larger the number of such markers, the more detailed 
the identifying information that ts compilable for a given bead, which may be used to 
distinguish that bead from other beads. On the other hand the complication of de- 



. 27-09-02 



15 




27/09 '02 15:57 PAX +45 33320384 



HO I BERG APS 



PATENT- OG VAREHft @ 016 



14 



tectfon is .Increased markedly with the number of markers. 



Markers 
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15 
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The particles can oomprise a marker, which Is detectable by any form of electro- 
magnetic radiation Including fluorescent emmisioa However, me marker can also be 
detected by fast spectroscopic techniques other than fluorescence spectroscopy. 
. The particles of said beaded or granulated polymer matrix in one embodiment com- 
prise a spectroscoplcally detectable marker and/or a fluorescently detectable 
marker. 

FluorescentJy detectable markers are preferably selected from the fluorescent group 
of compounds and materials consisting of fluqrencent organic polycydic com- 
pounds, conjugated vlnyllc compounds, heterocyclic transition metal complexes, 
rare earth metal compounds, Inorganic oxides and glasses. 

Fluorescently detectable markers can be detected by two photon fluorescence 
spectroscopy and/or by one photon fluorescence spectroscopy. Fluorescently de- 
tectable markers can additionally be detected by time-correlated photon fluores- 
cence spectroscopy. 

The fluorescently detectable marker is preferably selected from the group consisting 
" of dyes based on the structure of fluorescein, oregon green, rhodamine, eminoben- 
zolc acid. Alexa™ probes, BODIPY-dyes. cascade blue dye, coumarine, naphthale- 
nes, dansyt. indoles, pyrenes pyridyloxazole. cascade yellow dye, Dapoxyl Dye, 
Fluorescamine, aromatic ortho dialdehydes, OPA and NDA, ATTO-Tag's, 7-. 
Nitrobenz-2-Oxa-1 ,3-Dlazole or derivatives thereof The fluorescently detectable 
marker in one embodiment Is preferably a UV or visible light-excitable microsphere. 

Examples of detection by fast spectroscopic techniques other than fluorescence 
spectroscopy include, but is not limited to fast spectroscopic techniques such as 
Infrared spectroscopy, reman spectroscopy, visbfe light spectroscopy, UV spectres- 
. copy, electron spin resonance, and nuclear magnetic resonance. 
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Also Included in the present invention are markers which are detectable by fast de- 
tection techniques other than spectroscopy, such as fight scattering, reflection, dif- 
fraction or light rotation. 

5 Electromagnetic radiation-related markers are preferably selected from the group 
consisting of fluorescence emission, luminescence, phosphorescence, infrared ra- 
diation, electromagnetic scattering incfuding tight and X-ray scattering, fight tnans- 
mittance, light absorbance and electrical impedance. 

10 Preferably, the electromagnetic radiation-related marker is a light emitting, light 

transmitting or light absorbing marker detectable by illuminating the particle with * 
Incident light of one or more selected wavelengths or of one or more selected vec- 
tors. 

15 It Is preferred that at least one of the markers of a bead 1s an electromagnetic radia- 
tion-related marker suitably selected from the group consisting of atomic or molecu- 
• • lar fluorescence emission, luminescence, phosphorescence, infrared radiation, 
electromagnetic scattering including light and.X-ray scattering, light transmfttance, 
light absorbance and electrical impedance. 

20 

The fluorescence emission can result from e.g. excitation of.one or more fluorescent 
markers attached to, or contained within, the bead. In the case of two or more fluo- 
rescent markers being utilised, the markers can be the same and the markers can 
comprise the same or varying amounts of a fluorophore. In the latter case the mark- 
25 era are intensity-d/fferent/ated. 

Alternatively, the markers may be different wherein they are present In a ratio of 1: 1 
or varying ratios. Reference may be made in this regard to WO 95/32425 which is 
incorporated herein by reference. 

30 - 

Exemplary fluorophores which may be used In accordance with the present Inven- 
tion include those listed in WO 93/06121 , which Is Incorporated by reference herein. " 

Any suitable fluorescent dye may be used for incorporation into the bead.of the in- 
35 vention. For example, reference may be made to U. S, Patents 5,573,969 (Singer et 
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al., which is incorporated herein by reference) and 5,326,692 (Brinkley et al., which 
is Incorporated herein by reference) which describe a plethora of fluorescent dyes. 
Reference may also be made to fluorescent dyes described In U. S. Patent Nos. 
5.227,487,5.274,113, 5.405,975. 5,433,896, 5,442,045, 5,451,663, 5;453.517, 
5,459,276, 5,516,864. 5,648,270 and 5,723.218, which are all Incorporated herein 
by reference. 

In one embodiment, one or more of the fluorescent markers can preferably be Incor- 
porated into a mlcroparticle, such as a polymeric mlcraparticle. or a ceramic micro- 
particle. Such mlcropartides can preferably be attached to a bead by use of e,g. 
colloidal interactions as for example disclosed by Trau and Bryant In 
PCT/AU98/00944, incorporated herein" by reference. 

Whan the marker Is spectroscopicalty detectable, there is in one embodiment pro- 
vided a marker capable of being probed by a range of frequencies differing by less . 
than about 20%; such as less than about 10%, based on the numerical highest fre- 
quency value. The marker can also be probed by one or more predetermined fre- 
quencies. 

Any suitable method of analysing fluorescence emission is encompassed by the 
present Invention. In this regard, the invention contemplates techniques including, 
but not restricted to, 2-photon and 3-photon time resolved fluorescence spectros- 
copy as for example disclosed by Lakovtfcz et al. (1 997, Biophys. J., 72: 567, incor- 
porated herein by reference), fluorescence lifetime imaging as for example disclosed 
by Eriksson et al. (1993, Biophys. J. f 2: 64, incorporated herein by reference), and 
fluorescence resonance energy transfer .as for example disclosed by Youvan et a). 
(1997, Biotechnologyet alia 3: 1-18). 

Luminescence and phosphorescence may result respectively from a suitable, lumi- 
nescent or phosphorescent label as Is known in the art. Any optical means of iden- . 
tlfying such label may be used .In this regard. 

Infrared radiation may result from a suitable infrared dye. Exemplary infrared dyes 
that may be employed in the invention include, but are not restricted to. those dis- 
closed in Lewis et aL (1999, Dyes Pigm. 42 (2): 197). Tewa et al (1998, Mater. Res. 
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Soa Symp. Proa 488 (Electrical, Optical and Magnetic Properties of Organic SoHd- 
State Materials IV). 885r890), Danpshvar. et al. (1999, J. Immunol. Methods 226 (1- 
2): 119-128), Rapaport et al. (1999, AppL Phys: Lett 74 (3): 329-331) and'Durlg et 
a). (1993, J. Raman Spectrosc. 24 (5): 281-6), which are incorporated herein by ref- 
S ererice. Any suitable Infrared spectroscopic method may be employed to interrogate 
the infrared dye. For instance, fourier transform infrared spectroscopy as for exam- - 
pie described by Rahman et al. (1998, J. Org. Cherru, 63: 6196. Incorporated herein 
by reference) may be used in this regard. 

10 Suitably, electromagnetic scattering may result from diffraction, reflection, polarisa- 
tion or refraction of the incident electromagnetic radiation Including light and Xrays. 
In this regard, the beads may be formed of different materials to provide ? set of 
beads with varying scattering properties such as different refractive Indexes as for 
example described supra. Any suitable art recognised method of detecting and/or 

16 . quantifying electromagnetic scatter may be employed. In this regard, the Invention 
also contemplates methods employing contrast variation in light scattering as, for • 
.• • example, described ih van Helden and Vrij (1980, Journal of Colloidal and Interface 
Science 76: 419-433), which is incorporated herein by reference. 

20 . Markers other than electromagnetic radiation-related markers can be utilised, op- 
tionally In combination with electromagnetic radiation-related markers. Such markers 
include e-.g. size and/or shape of the bead. For example, beads may be shaped in 
the form of spheres, cubes, rectangular prisms, pyramids, cones, ovoids, sheets or 
cylinders. Including intermediate forms as well as irregular shapes. Electrical imped- 

25 " ance across a bead may be measured to provide an estimate of .the bead volume 
(Coulter). 

The marker in one embodiment comprises a chromophorfc label. Suitable beads 
comprising such chromophores are described e.g. by Tentorio et al. (1980, Journal 
30 of Colloidal and Interface Science 77: 41 9-426), which Is Incorporated herein by 
reference. 

A suitable method for nondestructive analysis of organic pigments and dyes, using 
a Raman microprobe, irricrofluorometer or absorption microspectrophotometer, is 
35 decribed for example in Guineau, B. (1989, Cent Rech. Conserv. Documents 



"27-09-02 



19 



• 



27 /08 '02 15; 50 FAX +45 53320384 HO I BERG APS -> PATENT- 06 VAREMJE ©020 

18 ' 

Graph., CNRS, Paris, Ft. Stud. Conserv 34 (1): 38-44), which is incorporated herein 
by reference. 

Alternatively, the marker may comprise a magnetic material Inclusive of. Iron and 
5 magnetite, or an marker that Is detectable by acoustic backscatter as is known in the 
art. 

It will be understood from the foregoing that the number of beads having different 
detectable codes will be dependent on the number of different detectable and/or 
10 quantifiable markers Integrally associated with the beads. 

Polymers 

Polymers according to the present invention are preferably optically transparent in 
15 the optical exitation range of the fluoresoent marker and/or the emission wavelength 
• range of the fluorescent marker comprised by the particles and/or vacuoles of the 
polymer matrix. 

The polymer is preferably selected from the group consisting of polyethers, polyvi- . . . 
20 nyls, poryacrylates f .polymethacrylates, polyacyfamides, polyurethanes, polyecryla- . . 
. mides. polystyrenes, polycarbonates, polyesters, polyarrildes, and combinations 
threreof - 

More preferably, the polymer is selected from the group consisting of SPOCC, 
25 PEGA, HYDRA, POEPOP, PEG-polyacrylate copolymers, polyether-polyamine co- 
polymers, crosslinked polyethylene diamines, and combinations thereof. 

The beaded polymer matrix according to the Invention preferably has a ratio R = a/b 
between a) the volume of the beaded or granulated polymer matrix and b) the aver- 
30 age volume of the particles which Is In the. range of from 1 0000000: 1 to 1 0: 1 , such 
as in the range of from 1 000000:1 to 30:1 , for example in the range of from 
1000000:1 to 100:1, for example In the range of from 1000000:1 to 200:1, such as in 
the range of from 1 000000:1 to 1 000:1 . for example In the range of from 1 00000:1 to 
1000:1 , such as in the range of from 100000:1 to 2000:1. 

35 
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independently of the above ratios, the beaded or granulated polymer matrix ac- 
cording to the Invention preferably comprises an average volume of the swelled 
bead or granule of from 0.000001 }iL — 50 jiL, such as an average volume of the 
swelled bead or granule of from 0.00001 yL- 5 jiL, for example an average volume 
• 5 of the swelled bead or granule of from 0.001 pL - 1 |iL, such as an average volume 
of the swelled bead or granule of from 0.0 1 jiL - 0. 1 jU« . 

• Any combination of the above falls within the invention and accordingly, for a ratio R 
■ a/b between a) the volume of the beaded or granulated polymer matrix and b) the 

10 average volume of the particles which is in the range of from 10000000:1 to 10:1, 
such as in the range of from 1 000000:1 to 30:1 , for example In the range of from 
1000000:1 to 100:1, for example tn the range of from 1000000:1 to 200:1, such as in 
the range of from 1000000:1 to 1000:1, for example in the range of from 100000:1 to 
1000:1 1 such as In the range of from 100000:1 to 2000:1 , the average volume of the 

1 6 swelled bead or granule can be from 0.000001 \iL - 50 nL, such as an average vol- 
ume of the swelled bead or granule of from 0.00001 jiL - 5 pL, for example an aver- 
age volume of the swelled bead or granule of from 0.001 \iL - 1 |iL. such as an av- 
erage volume of the swelled bead or granule of from 0.01 jaL - 0.1 |iL. 

20 The invention Is in one embodiment directed a plurality of beads comprising a 
population that is pre-encoded. Accordingly, each bead of that population has a 
code, which distinctively Identifies a respective bead before, during and after said 
synthesis from other beads. The diversity of the said population of beads, therefore, 
resides in beads of said population having relative to each other different spatial 

25 locations of detectable markers, which are used to provide distinctive codes for each 
of those beads. 

The beads of the invention may be used in many applications, such as combinatorial 
chemistry procedures that do or do not involve a spllt-and-combine procedure. Pref- 
30 erably, however, such assemblies are used in combinaltoria! chemistries, which In- 
volve a split-process-recombine procedure. ' 

The beads may comprise ^ny solid material capable of providing a base for combi- 
natorial synthesis. For example, the beads may be polymeric supports such as 
35 . polymeric beads, which are preferably formed from polystyrene cross-finked with 1- 
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5% divinylbenzene. Polymeric beads may also be formed from hexamethylenedl- 
.* aminepolyacryl resins and related polymers, poly N- {2- (4-hydro>^lphenyl) ethyl} 
acryfamide (J. e., (one Q)) f sijlca, cellulose beads, polystyrene beads poly (ha- 
lomethylstyrene) beads, poly (halostyrene) beads, poly (acetoxystyrene) beads, 
latex beads, grafted copolymer beads such as polyethylene glycol/polystyrene, po- 
rous silicates for example controlled pore-glass beads, polyacrylamlde beads for 
example poly (acryloylsarcosine methyl ester) beads, dlmethyfacrylamlde beads 
optionally cross-linked with N, NMsls-acrytolyl ethylene diamine, glass particles 
coated with a hydrophobic .polymer inclusive of cross-linked polystyrene or a fluori- 
nated ethylene polymer which provides a material having a rigid or semi-rigid sur- 
face, poly (N-acfyloylpynolfdlne) resins, Wang resins, Pam resins, Mernfield resins, 
PAP and SPARE polyamide resins, polyefiiylene ftjnctionallsed with acrylic acid, 
kieselguhr/polyamide (Pepsyn K). polyHipeTM, PS/poIydimethylacrylamtde copoly- 
mers. CPG. PS macnobeads and TenlagelTM. PEG-PS/DVB copolymers. 

The beads may be formed from appropriate materials inclusive of e.g. latex, glass 
4 and ceramic materials. Reference may also be made to W095/25737 and 

W097/15390, incorporated herein by reference, which disclose examples of such 
beads.. ' ' 

A plurality of beads according to the Invention may be prepared by any suitable 
method. Preferably, when colloidal particles Including polymeric and ceramic parti- 
cles are used as beads, the conoid dispersion of such beads is stabilised. Exem- 
plary methods Imparting colloidal stabilisation are described fbr example in Hunter, 
R. J. (1986, "Foundation of Colloid Science", Oxford University Press, Melbourne) 
and Napper, D. H. (19a3."Polymeric stabilisation of Colloidal Dispersions'TVcademic 
Press, London), the disclosures of which are Incorporated herein by reference. In 
this regard, the most widely exploited effect of nonionlc polymers on colloid stability 
is steric stabilisation, In which stability is imparted by polymer molecules that are 
absorbed onto, or attached to. the surface of the colloid particles. Persons of skill in 
the art will recognise that It Is possible to. impart stability by combinations of different 
stabilisation mechanisms: e. g„ surface charge on the particles can Impact colloidal 
stability via electrostatic stabilisation, and an attached polyelectrolyte can Impart 
stability by a combination of electrostatic and steric mechanisms (electrosteric stabi- 
lisation). Polymer that is in free solution can also influence colloid stability. Stabiilsa- 
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tion by free polymer is well-documented (Napper 1933. supra) and is called deple- 
tion stabilisation. 

Preferably, steric stabilisation of colloid dispersions is. employed. In this regard, 
steric stabilisation is widely exploited because it offers several distinct advantages 
over electrostatic stabilisation. For example, one advantage is that aqueous steri- 
cally stabilised dispersions are comparatively insensitive to the' presence of electro- 
lytes because the dimensions of non-ionic chains vary relatively little with the elec- 
trolyte concentration. 

Any suitable stabilising moiety may be used for stabilising colloidal dispersions. Ex- 
emplary stabilising moieties that impact on colloidal stability are given herein below: 
Poty (oxyefhyfene), Poiy (vinyl alcohol). Poly (acrylic acid), Poly (acryiamide), and 
sorbitol monolaurate as well as commonly used emulsion stabilizers. 

Encoded, beaded polymer .ffiatrfo 



It is another object of the invention to provide an encoded, beaded polymer matrix 
comprising Individually detectable, spatially encoded beads. La a composition of 
20 beads wherein essentially each bead of the encoded, beaded polymer matrix Is 
uniquely identifiable. ' 

The encoded, beaded polymer matrix preferably comprises at least 10 2 uniquely 
identifiable beads, such as at least 10 3 uniquely Identifiable beads, for example at 

25 least 10 s uniquely identifiable beads, such as al least 10 7 uniquely identifiable 
beads, for example at least 10° uniquely identifiable beads, such as at least 10 11 
* uniquely identifiable beads, for example at least 10 13 uniquely Identifiable beads, 
such as at least 10 w uniquely identifiable beads, for example at feast 10 tr uniquely 
Identifiable beads, such as at least 10 1fl uniquely Identifiable beads, for example at 

30 least 10 21 uniquely Identifiable beads, *uch as at least 1(P uniquely identifiable 



The invention Is also directed to a method for generating an encoded, beaded poly- 
mer matrix comprising the steps of : 



35 
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(a) preparing a plurality of beads comprising spatially immobilised particles com- 
prising at least one marker; 

(b) detecting and/or quantifying the said markers bf each bead and assigning a 
code, such as the result of a determination of the location of spatially encoded parti- 

5 cles or vacuoles, for each bead; 

(c) Identifying beadss having distinctive codes; and optionally 

(d) identifying beads having similar codes; and further optionally 

-(e) sorting the beads having distinctive codes from the beads having non 
distinctive codes to thereby provide an encoded, beaded polymer matrix. 

10 

There also provided the use of such an encoded, beaded polymer matrix for Iden- 
tifying bioactive compound binding partners, and a use of the composition for dlag-' 
nostic purposes, wherein the binding end determination bf a predetermined binding 
partner 4o a substrate .or bioactive compound on the carrier is at least indicative of a 
15 positive diagnosis. 

Bioactive compounds of particular interest-are eJg. those which may be so screened 
include agonists and antagonists for ceil membrane receptors, toxins, venoms, viral 
epitopes, hormones, sugars, co-factors, peptides, enzyme substrates, drugs inclu- 
20 stve of opiates and steroids, proteins including antibodies, monoclonal antibodies. * 
antisera reactive with specific antigenic determinants, nucleic acids, lectins, poly- 
saccharides, cellular membranes and organelles. 

The present Invention also encompasses as bioactive compounds a plurality of 
25 unique polynucleotide or oligonucleotide sequences for sequence by hybridisation 
(SBH) or gene expression analyses. Persons of skill in the art will recognise that 
SBH uses a set of short oligonucleotide probes of defined sequence to search for 
complementary sequences on a longer tanjet strand of DMA. The hybridisation pat- 
tern is used to reconstruct the target DNA sequence. Accordingly, in the context of ' 
30 the present Invention, an aqueous solution of fluorescently labelled single stranded 
DNA (ssDNA) of unknown sequence may be passed over the library of polynucleo- 
tide or oligonucleotide compounds and adsorption (hybridisation) of the ssDNA will 
occur only on beads which contain porynucleotide or oligonucleotide sequences 
complementary to those on the ssDNA. These beads.may be Identified, for example, 
35 by flow cytometry, fluorescence optical microscopy or any other suitable technique. 
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Once a compound having the desired activity is obtained, the sequence of reaction 



example, hereinafter. The sequence of building blocks defining the compound of 
interest may thus be ascertained and a molecule comprising this sequence can by 
synthesised by conventional means (e. g., amino acid synthesis oligonucleotide 
synthesis) as is known in the art 

Methods for generating an encoded, beaded ootvmer matrix 

» 

It is: a further object of the invention to provide a method for generating an encoded, 
beaded polymer matrix, said method comprising the steps of 

i) synthesizing a monomer and/or macromonomer and a crossllnker for polym- 
erization, and, 

il) mixing the monomer and/or macromonomer with particles to give an .even 
dispersion of particles in the mixture, and 

iii) • polymerizing the polymer by either I) suspension polymerisation and/or, il) 

inverse suspension polymerisation and/or ui) bulk polymerisation followed by 
granulation and/or iv) droplet polymerisation. 

The polymerisation reaction can preferably be a radical initiated chain polymerisa- 
tion reaction, or an anion initiated ring opening polymerisation reaction, or a cation 
.initiated ring opening polymerisation reaction. 

Functional groups on beads of the encoded, beaded polymer matrix can subse- 
quently be reacted with different bloactive compound building blocks as described 
herein elsewhere. Each reaction step can be monitored as essentially each bead of ' 
the encoded, beaded polymer matrix Is individually detectable. The below methods 
describein more detail the Identification of spatially immobilised particles or beads in 
the beads or granules. 



steps experienced by the bead on which the compound was synthesised may be 
deconvolved simply by analysing the tracking data for that bead as described, for 
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Polymer beads according to the Invention can be prepared from a variety of polym- 
erisabie monomers. Including styrenes, acrylates and unsaturated chlorides, esters, 
acetates, amides and alcohols, Including, but not limited to. polystyrene (Including 

5 high density polystyrene latexes such as brominated polystyrene), polymethyl- 
methacrylate and other polyacryiic adds, polyacryionitriie, polyacrylamlde, p'oly- 
acrolelrj, polydimethytsiloxane, polybutadiene. polyteoprene, polyurethane, polyvi- 
nylacetate, poiyv1nylchlorid8,polyvinylpyridine f polyvtnylbenzylchlorlde, polyvinyl- 
toluene, poiyvinylidenechloride and polydMnylbenzene, as well as PEGA, 6POCC 

1 0 and POEPOP. The beads may be prepared from styrene monomers or PEG based 
marcro'monorners. 

Ceramic beads may be comprised of silica, alumina, titania or any other suitable 
transparent material. Preferably, silica particles are employed. A suitable method of . 
15 making silica beads is described, for example InThe Colloid Chemistry of Silica and 
Silicates" (Cornell University Press) by Ralph K Her 1 955 and U. S. Patent No 
5,439,624, the disclosures of which ere incorporated herein by reference. 

Fluorescent dyes may be incorporated into beads by any suitable method known to 
20 the art, such as copolymerisatlon of a polymeiisable monomer and a dyecontalning 
co-monomer or addition of a suitable dye derivative in a suitable organic solvent to 
an aqueous suspension as for example disclosed in Singer et al., (supra including 
references cited therein), Camplan et al. (1994, Inlnn ovation and Perspectives on 
Solid Phase Synthesis"Epton, R. f "Birmingham: Mayflower, 469-472, incorporated 
25 herein by reference) and Egrter et al. (1997, Chem. Commun. 73 5-73 6, incorpo- 
rated herein by reference). Alternatively, fluorescent beads may be produced having 
at least one fluorescent spherical zone. Such particles may be prepared as lor ex- 
ample described in U. S. Patent No. 5,786,219 (Zhang et aL), which is incorporated 
herein by reference. In a preferred .embodiment one or more fluorescent dyes are 
30 incorporated within a micropartlcle. Compared to surface attachment of fluorescent 
dyes, incorporation of dyes within beads reduces the physical exposure of the fluo- 
rescent dye (s) to various solvents used In combinatorial synthesis and thus in- 
creases the stability of the beadfluorescent dye complexes. 
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Methods for id entifying spatially Immobilised particles or vacuoles 

In one embodiment, the spatial Immobilisation of the plurality of particles in each 
beaded polymer matrix is essentially .unique for each bead. The spatial positions of 

5 particles in each bead can be defined by sets of coordinates, (x,y,z) of particle cen- 
ters of said particles, relative to one reference point of the detection. Furthermore, 
the relative positions in space of centers (x.y.z) of immobilized particles can be de- 
tected based on recording of 2D-projections of the particles. 3 20-projections can be 
recorded along 3 orthogonal axis x v y and z to generate 3 sets of 2D-coordlnates 

10 (y,z), (x,z) and (x,y), respectively, from which the SO-coordinates (x,y,z) of particle 
centers can be derived. A stack of 2D projections can be generated by confoca! or 
focal microscopy to recreate the 3D Image matrix of the bead from which the relative 
partide position (x,y,z) in space can be determined. 

• 16 One method for determination of relative pa * 
♦ based on fbcussed scanning lasers and laminar fluidics. preferably methods in 
which the coordinates x and y of a particle position is 'determined by fast scanning 
two orthogonally aligned lasers over two cross sections of the moving bead while 
the z coordinate is determined by the time of flight of the bead at known flow rates. 
20 Accordingly, it is possible to determine the coordinates x and y of a particle position 
by using a single laser and a rotating mirror that via 2 or three geometrically ar- 
ranged static mirrors reflects the laser beam along 2 or 3 orthogonal axis 

In yet another embodiment the present Invention provides a method for identifying 
25 at least one uniquely identifiable, spatially encoded bead of a polymer matrix, safd 
, method comprising the steps of 

i) determining the unique, spatial immobilisation of a plurality of particles in the 
at least one bead to be identified, and 



30 



ii) Identifying, said at least one uniquely Identifiable, spatially encoded beaded 
polymer matrix based on said unique determination of said spatially Immobi- 
lised plurality of particles. 
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A binding assay for characterising or isolating active compounds bound to the beads 
or granules can be performed by measuring e.g. the binding of a protein to a llgand 
boynd to the polymer matrix. Also, an assay can be performed by measuring e.g. an 
enzyme activity on a substrate bound to the polymer matrix. It is also possible to • 
perform an assay by measuring e.g. enzyme inhibition of a molecule bound to the 
polymer matrix, or to perform an assay by measuring e.g. receptor Interaction with a 
bioactive compound bound to the polymer matrix 



10 



For the above methods, the plurality of particles preferably comprise a fluorescentiy 
detectable marker, such as a fluorescentiy detectable marker detectable by two 
photon fluorescence microscopy, or a fluorescentiy detectable marker detectable by , 
one photon fluorescence microscopy. 

Method for generating an encoded, be aded polymer matrix comprising different bio- 
15 active compounds - 

It is a yet further object of the invention to provide a method for generating an en- . 
coded, beaded polymer matrix comprising a bioactive compound, wherein essen- 
tially each bead of the polymer matrix is uniquely identifiable, said method compris- 
20 ing the steps of 

0 spatially immobilizing particles in polymer beads or granulates, and 

ii) isolating labelled beads or granules by automated sorting, and 

25 

iii) recording and storing the distance matrix for essentially each bead or gran- 
ule, and 

iv) performing a stepwise synthesis of bioactive compounds by reacting func- 
30 tlonat groups of the encoded beads or granules with at least one building 

block, and 

v) recording the identity of each bead or granule that enter each reaction step . 
iv), and 

35 
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vi)- isolating beads or granules of interest, preferably by performing an assay or 
a diagnostic screen, and 

• vli) Identifying the bioactlve compound attached to at least one individual bead 

by recording the identity of at least one isolated bead or granule, and option- 
ally comparing said recording with the recording, preferably a distance ma- 
trix, recorded for at least a plurality of the remaining beads or granules. 

In a further aspect, the invention provides a method for synthesising end deconvo- 
luting a combinatorial library comprising the steps of: 

" (a) apportioning In a stochastic manner among a plurality of reaction vessels a 
plurality of beads on which* a plurality of different compounds can be synthesised, 
wherein said plurality of beads comprises a population of detectably distinct beads . 
each having a code, such as spatially Immobilised particles or vacuoles, which dis- . • 
tinctively identifies a respective bead before, during and after said synthesis from 
other beads, 

(b) determining and recording the codes, preferably in the form of the spatial post- . 
tion of the immobilised particles or vacuoles, of said plurality of beads in order to • 
track the movement of individual detectably distinct beads into particular reaction 
vessels of said plurality of reaction vessels, wherein said codes are determined prior 
to step (d); 

(c) reacting the beads in each reaction vessel with a building block; 

(d) pooling the beads from each reaction vessel: 

* (©) apportioning the beads in a stochastic manner among the plurality of 
reaction vessels; 

(f) reacting the beads in each, reaction vessel with another building block; 

(g) recording the codes of said plurality of beads in order to track the movement 

of Individual detectably distinct beads into particular reaction vessels of said plurality 
of reaction vessels, wher^nsa\d codes are recorded after step (e) and/or step (f); 

(h) pooling the beads from each reaction vessel: 

0) iterating steps (e) through (h) as required in order to create a combinatorial 
compound library wherein member compounds of the library are associated with the 
detectably distinct beads and wherein codes of the detectably distinct beads are 
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deconvolutable using tracking data provided by said recordal steps to identify the 
sequence of reactions experienced by the said detectably distinct beads. 

Bead ana|yjsjs 

5 

The identification steps (step (c) and <d)) may be effected by use of any suitable 
method or apparatus for analysing the spatialiy Immobilised markers 6f a bead. 

Preferably, these steps are effected by flow cytometry, which typically detects opti- 
• 10 cal parameters. For example, a flow cytometer may be used to determine forward 
scatter (which is a measure of size of a bead), side scatter (which is sensitive to 
refractive index and size of a particle (seen Shapiro 1995,"Practicalflow cytometry 11 , 
3d ed. Brisbane. Wiley-Uss)}, and fluorescent emission. 

1 5 Any suitable algorithm may be employed to track and/or sort Individual detectably 
unique beads. Preferably, a real-time algorithm is employed. . 

Suitably, the step of sorting (step (e)) is characterised fn that ihe population of de- . 
tectably distinct beads constitutes at least about 50%, preferably at least about 70%, 
20 more preferably at least about 00%, and more preferably at least about 95% of the 
plurality of beads resulting from step (e). 

From the foregoing, a population of detectably unique beads can be generated from 
a raw population of beads using e.g. specialised flow cytometric techniques. The 
25 population of detectably unique beads is thereby "pre-encoded" and can be used for 
combinatorial synthesis. 

Building block reactions 

30 The bead? of the invention are applicable to any type of chemical reaction that can 
be carried out on a solid support. Such chemical reaction includes, for example: 
1.2 + 2 cycloaddrtions including trapping of butadiene; 
2. [2 + 3] cyctoadditions including synthesis of isoxazolihes. furans and 
• modified peptides; 

35 3. acetal formation including immobilization of diois, aldehydes and ketones; 
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4. aldol condensation Including derivafeation of aldehydes, synthesis of 
propanediols; 

5. benzoin condensation Including derivatization of aldehydes; 

6. cydocondensations including benzodiazepines and hydantolns, thlazolldines, 
5 -turn mjmetics, porphyrins, phthalocyanlnes; 

7. DIeckmann cydlzatlon including cyciization of diesters; 

8. Diels-AIder reaction including derlvitisation of acrylic acid ; 

9. Electrophilic addition including addition of alcohols to aikenes; 

10. Grignard reaction Including derivatisation of aldehydes; 
10 11. Heck reaction Including synthesis of disubsti tuted aikenes; 

12. Henry reaction including synthesis of nltrile oxides in situ (see 2 + 3 
cyctaaddftlon);. ., 

13. catalytic hydrogenation Including synthesis of pheromones and peptides 
' (hydrogenation of aikenes); 

1 5 14, Michael reaction Including synthesis of sulfanyl ketones, 

bicyclo] 2.2.2] octanes; * . > 

15. Mitsunobu reaction including synthesis of aryt ethers, peptidyl phosphonates 
andthioethers; 

16. nucleophilic aromatic substitutions including synthesis of quinolones; 
.20 17. oxidation including synthesis of aldehydes and ketones; . 

18. PausertKhand cydoadditton including cyciization of norboroadiene with 
pentynol; 

19. photochemical cyclisation including synthesis of helicenes; 

20. reactions with organo-metallic compounds including derivitisation of 
25 aldehydes and acyi chlorides; 

21. reduction with complex hydrides and Sn compounds including reduction of 
carbonyl, carboxylic adds, esters and nitro groups; 

22. Soai reaction including reduction of carboxyl groups; 

23. Stille reactions induding synthesis of biphenyl derivatives; 

30 24. Stork reaction including synthesis of substituted cydohexariones: 

25. reductive amination including synthesis of quinolones; 

26. Suzuki reaction including synthesis of phenyiacetic add derivatives; and 

27. Wittig, WitUg-Homer reaction including reactions of aldehydes; pheromones 
. and sulfanyl ketones. 

35 - 
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Reference may also be made to Patel et 61., (April 1998; DDT 1 (4): 134-144) who 
describe the manufacture or synthesis of N-substituted glycines, polycarbamates, 
mercaptoacylprolines, diketoplperazlnes, HIV protease Inhibitors. 1-3 dlols, hy- 
droxystllbenes, B-lactams, 1 .4-benzodiazeplne-2-5-dlones, dihydropyridines and 
5 dlhydropyrimidlnes. 

Reference may also be made to synthesis of polyketides as discussed, for example, 
in Rohr (1995, Angew. Int. Ed- Engl. 34: 881-884). 

10 Chemical or enzymatic synthesis of the compound libraries of the present invention 
takes place on beads. Thus, those of skill in the ait will appreciate that the materials 
used to construct the beads are limited primarily by their capacity for derivrtisation to 
attach any of a number of chemically reactive groups and compatibility with the 
chemistry of compound synthesis. Except as otherwise noted, the chemically reac- 

1 5 * five groups with which such beads may be derivatised are those commonly used for 
solid state synthesis of the respective compound and thus will be weU known to 
those' skilled In the art For example, these bead materials may be derivatised to : ; . 
contain functionalities or linkers lnduding-NH2, -NHNH2. -ONH2. -COOH, -SH, - • 
*' . SeH, -S03H. -GeH, or -SiR2H groups. 

20 

Linkers for use with the beads may be selected from base stable anchor groups as 
described in Table 2 of Fruchtel et al. (1 998, supra, Ihe entire disclosure of which is 
• incorporated herein by reference) or acid stable anchor groups as, described In Ta- 
ble 3 of Fruchtel et al. (1996, supra). Suitable linkers are also described in 
25 W093/06121, which is incorporated herein by reference. 



In the area of peptide synthesis, anchors developed for peptide chemistry are stable 
to either bases or weak acids, but for the most part, they are suitable only for the 
immobilisation of carboxyllc acids. However, for the reversible attachment of special 

30 . fijnctional groups-; known anchors have to be derivatised and optimised or, when 
. necessary, completely new anchors must be developed. For example, an anchor 
group for immobilisation of alcohols is (6 hydroxymethyl)-3,4 dihydro-2H-pyran, 
whereby the sodium salt is covalently bonded to Chioromethylated Merrffieldz resin 
by a nucleophHic substitution reaction. The alcohol is coupled to the support by 

35 electrophilic addition in the presence of pyridinhim toIuene-4 sulphonate (PPTS) in 
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dichioromethane. The resulting tetrahydropyranyl ether is stable to base but can be 
cleaved by transethertflcation with 95% trifluoroaoetic add. Benzyl hatides may be 
coupled to a photolabile sutfanyt-substltuted phenyl ketone anchor. 

It will also be appreciated that corhpounds prepared with the beads and/or process 
of the present Invention may be screened for an activity of interest by methods well 
known In the art For example, such screening carr be effected by specialised flow 
cytometry Invented from standard techniques such as described e.g. by Needels et 
at. (1993, Proa Natl. Acad, Sd. USA 90: 1070010704, Incorporated herein by refer- 
ence). Dower et ah (supra), end Kaye and Tracey (WO 97/15390, Incorporated 
herein by reference). * 

Synthesis of a combinatorial compound library 

•The Invention also resides In a method of syntheslsing and deoonvoluling a oombl- 
' natorial library. The codes of the plurality of beads are determined preferably before . 
the first reaction step, '.although codes may be determined at any time before the first 
pooling step (step (d), cf. method steps cited above). ... 

Preferably, every time, the plurality of beads is apportioned Into reaction vessels, 
each one of the vessels Is analysed to determine which of the detectably dlstlhct 
beads are in each reaction vessel. A database of all the beads (or corresponding 
grtdspaces. supra) can thus be updated to show the synthetic history of the com- 
pound synthesised on each bead. 

During a reaction step, the beads In each reaction vessel are reacted with a building 
block required to assemble a particular compound. Assembly of compounds from 
marry types of. building blocks requires use of the appropriate coupling chemistry for 
a given set of building blocks. Any set of building blocks that can be attached to one 
another In a step-by-step fashion can serve as the building block set The attach- 
ment may be mediated by chemicai, enzymatic, or other means, or by a combination 
of these. The resulting compounds can be linear, cyclic, branched, or assume vari- 
ous other conformations as will be apparent to those skilled In the art For example, 
techniques for solid state synthesis of polypeptides are described, for example, in 
Merrffield (1963, J. Amer, Chem. Soc. 35: 2149-2156). Peptide coupling chemistry is 
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also described inThe Peptides", Vol. 1. (eds. Gross, E., and J. MeJenhofer), 
Academic Press, Orlando (1979). which is incorporated herein by reference. 

To synthesis© the compounds, a large number of the beads, are apportioned among 
5 a number of reaction vessels. In each reaction, a different building block is coupled . 
to the growing oligomer chain. The building blocks may be of any type that can be 
appropriately activated for chemical coupling, or any type that will be accepted for 
• enzymatic coupling. 

1 0 Because the reactions may be contained in separate reaction vessels, even building 
blocks with different coupling chemistries can be used to assemble the oligomeric 
compounds (see, The Peptides, op. dt). The coupling tfme for some of the building 
block sets may be Jong. For this reason the preferred arrangement is one in which 
the building block reactions are carried out in parallel. After each coupling step, the 

15 beads on which are synthesteed the oligomers or compounds of the library are , . , 
pooled and mixed prior to re-allocationtd the individual vessels for the next coupling . , 
step. This shuffling process produces beads with many oligomer sequence combi- 
nations, ff each synthesis step has high coupling efficiency, substantially all the oli- 
gomers on a single bead will have the same sequence. That sequence is deter- .. 

20 mined by the synthesis pathway (building blockreactions and the order of reactions . 
experienced by the beads) for any given bead. The maximum length of the oli- 
gomers may be about 50, preferably from 3 to 8 building blocks in length, and in 
some cases a length of 10 to 20 residues is preferred. Protective groups known to 
those skilled In the art may be used to prevent spurious coupling (see. The Pep- 

25 tides, Vol. 3, (eds. Gross. E., and J. Meienhofer), Academic Press, Orlando (1981), 
which is incorporated herein by reference). 

With enough beads and efficient coupling it is possible to generate complete sets of 
certain ofi&omers, if desired. The appropriate size of the beads depends on (1) the 
30 number of oligomer synthesis sites desired; (2) the number of different compounds 
to be synthesised (and the number of beads bearing each oligomer that are needed 
for screening); (3) the effect of the sfceof the beads on the specific screening 
strategies e. g. fluorescence-activated cell sorters (FACS) to be used; and (4) the 
resolution of the encoding/detection methods employed. 
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Kit of parts 

The invention In a still further aspect resides In a kit comprising: 

5 (a) a combinatorial compound library Including a plurality of different . 

compounds wherein each compound 4s attached to at least one of a plurality of 
beads, 

which Includes a population of detectably distinct beads-each having a distinctive 
code, which distinctively identifies a respective bead before, during and after 
. 1 0 synthesis of a corresponding compound from other beads; and 

(b) tracking data on each distinctive code to identify the sequence of reactions 
experienced by a respective detectably distinct bead. 

15 Examples * 

■ General Methods. - • 

Reagents were obtained from Fluke and used without any purification. All solvents 
20 used were of HPLC grade kept over molecular sieves. Oregon green was obtained ■ 
from Molecular Probes. The 2S-53 pun beads were prepared In a specially designed 
high-speed stirred polymerisation steel reactor end 5-26 jim beads were prepared 
by using a high-speed dispersion reactor. The encoded macro beads were prepared 
In a 250 ml baffled glass reactor equipped with a dispersion stirrer. The fluorescence 
25 Images were obtained with a microscope and a digital camera. Broad band excita- 
tion in the near UV range was provided by a mercury lamp. The Images of the en- 
coded beads were recorded in water. 

Example 1: Preparation of encoded {NHdzPEGmo-Acrylamlde copolymer 
30 beads. 

Labelled microbeads encoded (Acr) t .< (NH^aPEGiMo-acrylarnide were prepared by 
Inverse suspension polymerisation method. In order to prepare the beads having a 
size 500 jim, a lower wt% (1.4%) of sorbitan monolaurate with the rhacromonomer 
35 was used as the suspension stabiliser. The n-heptane was used as the suspension 
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medium and was degassed with argon for 1 h before the addition of monomers. In a 
typical synthesis procedure, a solution of (Acr)^ (NH 2 )2PEG 1900 (7.3 g, 3.54 mmoJ) 
in water (21 mL) was degassed with argon for 30 mln. Acrylamlde (0.36 g, 5 mmol) 
and the labelled micro beads (20 mg) in water (0.5 mL) were added to the degassed 

5 solution and the purging of argon was continued for 5 min. A solution of sorbltan 
monolaurate (0.1 mL) In' DMF (1 mL) and the free radical initiator ammonium per- 
sulfate (300 mg) in water (2 mL) were added to the- monomer mixture. The reaction 
mixture was then rapidly added to the suspension medium and stirred at 600 rpm at 
70 Q C. After one mln, TEMED (1.5 mL) was added to the reactor. The reaction was 

10 allowed to continue for 3h, the encoded beads formed were filtered through the 
sieves and the 500 |xm fraction was collected. The beads were washed thoroughly 
with ethanol (10x), water (10x), ethanol (10x) and dried under high vacuum. 

Example 2: Preparation of mJcrobeads for encoding 

15 

Synthesis of partially acryloylated (NHJaPEGsoo and (NH^PEGtwo 
Acrytoyl chloride (1.267 mL, 14 mmol) in DOM (12 mL) was added dropwfee to a 
solution of (NHafePEGsoo (6.3 g, 10'mmol) in OCM (18 mL) at 0 with stirring. The 
reaction mixture was kept tor 1 h at 20 °C. The DCM was evaporated and drying in 
20 vacuo at 20 °C yielded the 70% acyloylated (NH 2 )aPEG 60O as colourless thick oil. 

the partially acryloylated (NH 2 ) 2 PEG 1M owas prepared by following the.same proce- 
dure with (NHj&PEG^oo (20 g, 10 mmol) in DCM (12 mL) and acryloyl chloride 
(1 .267 mL, 14 mmol) In DCM <18 mL), . 



25 

Syrithesls of (Acr)™ (NH&PEGgozrDMA micro beads (28-53 urn) : 
A: using high speed stirred reactor: 

Beads of (Act),* (NH&PEGsoo-DMA (28*3 urn) were prepared by the Inverse sus- 
pension polymerisation of aqueous solutions of monomers In n-heptane:CCU mix- 

30 ture(6;4. v/v, 240 mL). Sorbltan monolaurate was used by" 8 wt % of the macro- 
monomer for the stabilisation of the suspension. Argon was bubbled to the n- 
hepane-CCU mixture for 1 h before the addition of monomers. In a typical synthesis 
procedure, a solution of (Act)™ (NHahPEGsoo (6.6 g. 10 mmol) in water (21 mL) was 
degassed with argon for 30 min. DMA (343jiL, 3.32 mmol) was added to the de- • 

35 gassed solution and the purging of argon Was continued for 5 min. A solution of sor- 
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bitan monolaurate (0.5 mL) In DMF (2 mL) and the free radical initiator ammonium 
persulfate (200 mg) In distilled water (1 mL) were added to the monomer mixture. 
The reaction mixture was then rapidly added. to the suspension medium in the po- 
lymerisation reactor stl/red.at 2500 *pm at 70 °C. After one mln, TEMED (1 mL) was 
5 added to the reactor. The reaction was allowed to continue for 3h f the microbeads 
. • formed were filtered through the sieves and the 28-53 pm fractions were collected. 
The microbeads were washed "thoroughly with ethanol (10x), water (10x). ethanol 
(10x) and dried under high vacuum. 

10 B: using dispersing Instrument 

Microbeads of (Acr)i t4 (NH^EGsoo (5-28 urn) were prepared by the inveree sus- 
* pension polymerisation of aqueous solutions of monomer in n-heptane (1 00 mL)*. 
Sorbltan monolaurate was used by 25 wt % of the macromonomer for the stabilisa- 
tion of the suspension. Argon was bubbled to the n-hepane for 1 h before the adol- 

15 Hon of monomer A solution of (Acr), 4 (NHj&PEGmo (2 g. 3.03 rnmol) in water (6 
mL)-was degassed with argon for 30 min. A solution of sorbltan monolaurate (0.5 
mL) in DMF (1 mL) and the free radical initiator ammonium persulfate (200 mg) in : 
distilled water (1 mL) were added to the monomer solution. The reaction mixture 
was then rapidly added to the suspension medium in a reactor equipped with a high- . 

20 speed dispersing instrument stirred at 9000 rpm at 70 °C. After ©ne min, TEMED (1 
mL) was added to the reactor. The reaction was allowed to continue for 3h, the mi- 
crobeads formed were filtered through the sieves and the 5-28 jim fractions were 
collected. The microbeads were washed thoroughly with ethanol (10x), water (10x), 
ethanol (1 Ox) and dried under high vacuum. 

25 Example 3; Labelling of encoding particles; 

Labelling of (Acr)^ (NH^PEGsocrDMA (28-53 um) micro beads with Oregon Green 
514 dye: ■ 

. The microbeads (0.2 g. 0.8 mmol/g) were kept In DMF/water (5 mL) for 1h. Tne 
30 Oregon GTeen™514 carboxylic acid, succinimidyl ester (0.147 g, 0.24 rnmol) in DMF. 
(200 uL) was added to the swollen microbeads and the reaction mixture was kept at 
room temperature. After 1 h, the beads were filtered through a 0.45 micron filter and 
washed with DMP (10x) and water (10x). " 
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Labelling of (Acr),. 4 (NHafePEGsw (5-28 um) micro beads with Oregon Green 514 
dye 

The microbeads (0.2 g, 1 rnmol/g) were kept In DMF/water <5 mL) for 1h. The Ore- 
gon Green™514 carboxytic acid, suceinimidyl ester (0.164 g, 0.3 mmol) In DMF (200 
5 ui.) was added to the swollen microbeads and the reaction mixture was kept at room 
temperature. After 1 h, the beads were tittered through a 0.45 micron filter and 
washed with DMF (1 Ox) and water (1 Ox). 

* Labelling of (Acr) 14 (NH^PEGsarDMA (28-53 um) micro beads with 1-Cyano 

10 benzpjisolndole 

To a stirred suspension of 2,3-naphthalene dlcarboxaldehyde (29.44 mg 4 0.16 
mmoi) in MeOH (2 mL) was added NiaCN (8 mg, 0.16 mmol) at room temperature. 
To the reaction mixture, the resin (0.2 g, 0.16 mmol) was added and kept at room 
temperature. After 30 min, the resin was filtered end washed with MeOH (1 Ox). DMF 

15 (10x) and water (1 Ox). 

Example" 4: Presorting of encoded beads according to integrated fluoresces- . 

ce. 

20 . A custom made Compas Beads (Union Biometrics) bBadsorter with laser exrtation at 
488 nm and detection of fluorescence at 514 nm was used to pool the beads syn- 
thesized according to the number if small particles. The integrated fluorescence of 
the small particles was recorded with the selection (sorting) window preset to collect 
those beads having 3-4 small particles at a sorting rate of 30 beads / s at a flowrate 

25 of 1000 mm / s of Compas sheat fluid corresponding to sorting of 900.000 beads In 
a working day. The collected beads were resorted to yield approximately -20% 
containing 3-4 particles / bead. The quality of the collected pool was veryfled us- 
• Inga fluorescence microscope. 

30 Example 5: Synthesis of 400 dfpeptides with bead portioning and Identifica- 
tion. 

The peptide library was prepared In a 20-weU multiple column peptide synthesiser. 
Approximately 50 beads were taken in a glass plate and the image of these beads 
35 were recorded in three shuffled states and then added to one of the wells in the 
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synthesiser. The beads were taken in 20 wells of the synthesiser accordingly. The 
resin was washed with DMF and the Na-Fmooprotected OPfp ester of the amino 
acid (10 mg) was added to each well of the synthesis block. The reaction mixture 
was.kept at room temperature for 3 h and washed with DMF (6x). The beads were 

5 removed" from the block, combined together and the Fmoc-protection was removed 
by 20% piperidlne In DMF (3mL, 20 min). The resin was washed with DMF (10x) T 
spilt (n to 20 portions and added to each well of the block after recording its Image in 
three shuffled states. After the incorporation of the second amino add, the beads 
were transferred to a syringe. The Fmoc protection was removed by 20% piperidlne 

10 In DMF (3 mL, 20 min) and the resin was washed with DMF (10x). The side chain 
protection of the peptide was removed by treating with 50% TFA in DCM (3 mU-30 
min), and the resin was washed with DCM (10x) t DMF (10x) and water (10x). 

Example 6: Selection and structure determination on a fraction of an encoded 
1 5 library by visual decoding. 

Twenty beads were randomly selected from the peptidyl. resin and record the im- 
ages separately in water. The sequence of the dlpeptide on each bead was decoded 
by visual comparison of final image of the bead with pre-recorded images of the. 

20 



Example 7: Confirmation of structure by solid phase Edman sequencing. 

Single beads from the dipeptlde library were placed on a filter and subjected to Ed- 
25 . man sequencing on a 477 A Protein Sequencer (Applied Biosystems) to provide the 
dipeptide structure in two standard cycles. 

Example 8: Capturing 3 orthogonal 2D-projections of a bead 

A triangular hole was carved in a 1 cm plate of POM. The hole was symmetrical with 
30 sides angled at 54.3 ° and a length of the side of the lower triangle of 5. mm. The 
plate was mounted horisootalty and a microscope was mounted at an angle of 35.7 ° 
underneath so It was perpendicular to the surface of a quartz ftowceN mounted in- the 
triangular hole of the POM holder. The comer of the quartz cell could thus be 
projected onto the CCD of the microscope from all three orthogonal sides, simple by 
35 careful! rotation of the quartz pell. The beads recorded were fixed on the quartz cell 
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wall simply by adhesion to the yvalls of the comer and was submerged in the appro- 
.priate solvent Thcee orthogonal pictures Were recorded under Identical conditions 
and the coordinates relative to one of the particles were generated. 

5 Example 9: Determining the centre of a particle in a 2-D projection. 

The three 2-D pixel-based projections obtained from CCD cameras are treated by 
the following algorithm. For each alternate pixel in each alternate Jlne of the Image it 
was tested whether a pixel was bright or dark by testing the blue rgb value. Testing 

1 0 was continued from the one before the bright pixel in single pixel steps until at least 
two dark pixels were detected. Then the center of the range of bright pixels were 
determined. From this point the height and the center of the bright spot was 
determined. The center and the region occupied by the bead was recorded. The 
search for spots was continued, but ommrtfing bright pixels within areas already 

1 5 occupied. The centers of bright spots with an area above a small treshold were used 
as coordinates for the particles. 

Example 10'; Confocal determination of spatial positions of particles jn a bead 

20 

itf a stopped flow system individual beads are positioned in a confocal scanning 
system as in a commercial scanning microscope. The positioning system is based 
on small IR lasers detecting changes' in refractive index or absorption. If the particles 
• are fluorescent, the bead is illuminated with monochromotio light corresponding to 
25 excitation wavelength of the fluorescent dye. If It is simple coloured particles the 
bead Is illuminated with white light 

The bead Is. scanned in consecutive 2-D layers as depicted in figure 3. The resolu- 
tion (pixel dimension) in the layers as well as the distance between layers is se- 
30 • tected to be smaller than the average particle diameter. Based on the consecutive 
scans a 3-D matrix of particle positions are formed. The dataset is reduced calcu- 
lating inter-particle distances or vectors, and the remaining information Is discarded. 
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Example 11: Recording of coordinates of particles in a moving bead by two 
alternating scanning lasers 

In a pulsation free constant flow system individual beads are passed through a 
5 scanning system with two orthogonal laser scanning systems as depicted In figure 4. 
The two 1-D laser scanners are both orthogonal to the How direction, and allow a full 
3-D scanning of the passing beads, which are moving with constant velocity. In fluo- 
rescence mode the lasers will emit fig ht at an excitation wavelength for the fluores- , 
cent dye in the particles in the beads. 

10 

A fast response emission light detector records the time-resolved emission signal. 
Which in conjunction with the flow speed and the scan parameters are used to con- 
struct a tub 3-0 matrix of particte positions. The datasef is reduced calculating inter- 
- particle distances or vectors, and the remaining information is discarded. 

Example 12: Recording of coordinates of particles In a moving bead by 

rotational scan 



"In a pulsation free constant flow system individual beads Is passed a scanning sys~ • 
20 tern applying a rotational scan focussed on the bead via a parabolic mirror as de- 
picted in figure 4. 

The two 1-D laser scanners are both orthogonal to the flow direction, and aflow a full 
3-D scanning of the passing beads, which are moving with constant velocity. In fluo- 
25 rescence mode the laser emits Tight fit an excitation wavelength for the fluorescent 
dye in the particles in the beads. The circle scan onto the parabolic mirror is passing 
alternating 60 degree segments of full and blocked transmission to give three curved 
scan lines for each rotation. 

30 A fast response emission light detector records the time-resolved emission signal, 
which in conjunction with the flow speed .and the scan parameters are used to con- 
struct a 3-D matrix of particle positions. The dataset is reduced calculating irtter- 
particie distances or vectors, and the remaining information is discarded. 

.35' 
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Example 13: Determination of distance matrix from particle coordinates. 

The coordinates of the particles were determined according to example 8 above. 
Coordinates were measured in pixel units e.g for picture set b1a-b1c coordinates (0. 
6 0, 0); (22, 110. 84); (-94, 468, 153) were measured. From these coordinates the 
unique set of distance parameters (140, 245, 146) (length of Inter particle vectors) 
were calculated according to the formule presented in Figure 1. The average error 
on determination of coordinates was approximately 2 % corresponding to the reso- 
lution of the method. 

10 

Example 14: Robustness of the method for identification. 

In order to obtain a quantitative measure of how well individual beads can be distin- 
guished by inserting small fluorescent beads to encode them, a Monte Carlo slmula- 

1 5 • tlon was performed. 

To this end, envisage a spherical bead as being composed of small cubic volume . 
elements (voxels) of unit vertex length. The actual voxel size corresponds to the 
accuracy of determining the position of the fluorescent marker within the bead. Then 
the voxel centers form a grid of potential encoding, points within the spherical bead,. 

20 out of which In the simplest cases 01=3 or m=4 are randomly selected. Genetically., 
these points of encoding can be regarded as comers of a triangle with n=3 vertices 
or of a tetrahedron (n=6 vertices). The vertex lengths correspond to the distances 
between the encoding points. When ordered by magnitude, the set of vertex lengths 
is Invariant under global rotation and translation of the large bead.- (Moreover, it is in 

25 fact invariant under any action of a symmetry point group in three-dimensional 
space including Inversion at the origin and mirroring at a plane thus discarding po- 
tential discrimination by chirality in the case of tetrahedra.) 

If the set of vertex lengths is ordered In descending magnitude. 
I.e. v, £ v 2 £ ... Sv^O with ii = 3 (6) , then the encoding vector 

30 v= (v, ,v 29 v a ) can be identified with a point in the upper half of the three (or 
six-) dimensional positive real space J 3 * (J 6 +), respectively. 

Let r £ 0 denote the finite resolution of a CCD camera. Then two beads J and k 
cannot be discerned if their encoding vectors vj and v k correspond to points less 
' than r apart from one another, i.e. If the separation of encoding nv = -c Vj - v k % falls 
35 below the camera resolution nv P r. 
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The corresponding Monte Carlo simulation gives the following results for a bead of 
500 units diameter: If the bead is marked with 3r fluorescent points, then 5 in 10' 000 
beads give rise to an encoding separation nv P. 6 units. If 4 encoding points are used 
as shown in Fig. 8, then only 2 in 10*000 beads show separations nv P 12 units, and 
5 in none out of 50 million pairs simulated the separation is nv P 3 units. For a bead 
diameter of 5000 units the resolution greatly improves: Encoding by 3 points leads to 
5 beads in 100*000 whose separations of encoding are nv P 60 units. With 4 points 
one only has 1 in 1 OO'OOO beads with nv P 120 units separation, 

10 In conclusion, by inserting four encoding particles into a standard bead of 500 pm 
diameter, within which the centers of the fluorescent particles' can be determined 
with a typical accuracy of 1 pm, provides ample space for encoding many millions of 
individual beads. The probability that an active hit will not be uniquely identified is 
very small according co the present simulations. 

15 • . . 
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Claims 



1. 



An encoded beaded or granulated polymer matrix for solid phase synthesis 
comprising beads or granules each comprising a plurality of spatially immobl- 
Used particles or vacuoles,.wherein each particle or vacuole Is individually de- 
tectable. 



15* 



20* 



2. The beaded or granulated polymer matrix according to claim 1 in which the ma- 
trix has different optical or spectroscopic properties from those of the immobi- 
lised particles or vacuoles. 

3. The beaded or granulated polymer matrix according to claim 1 in which the tm- 
' mobilised particles or vacuoles are monodisperse 

4. ' The beaded or granulated polymer matrix according to claim 1 in which the im- 

mobilised particles are heterodisperse 

5. The beaded or granulated polymer matrix according to claim .1 in which the im- 
mobilised particles are regular spherical beads or vacuoles 

6. The beaded or granulated polymer matrix according to claim 1 In which the im- 
mobilised particles are Irregular particles. 

7. The bedded or granulated polymer matrix according to claim 1 , wherein each 
beaded or granulated polymer matrix comprises at least 2 particles. 

8. The beaded or granulated polymer matrix according to daim 1 , wherein each 
beaded or granulated polymer matrix comprises at least 3 particles. 

9. The beaded or granulated polymer matrix according to claim 1 . wherein each 
. beaded or granulated polymer matrix comprises at least 4 particles. 

10. The beaded or granulated polymer matrix according to' any of claims 7 to 9, 
wherein said particles are essentially spherical. 
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'11. The beaded or granulated polymer matrix according to any of claims 7 to 1 0 # 
wherein at least two of said particles have essentially the same diameter. 

12* The beaded or granulated polymer matrix according to any of claims 10 and 1 1 , 
5 wherein all of said particles are essentially monodisperse. 

13. The beaded or granulated polymer matrix according to any of claims 10 to 12. . 
wherein said particles are less than 1 0 micrometer in diameter. 

10 14. The beaded or granulated polymer matrix according to claim 13, wherein said 
particles are less than 5 micrometer in diameter. 

1 5. The beaded or granulated polymer matrix according to claim 1 3, wherein said 
particles are less than 1 micrometer In diameter. 

15 

16. The beaded'or granulated polymer matrix according to claim 13* wherein said 
particles are less than 0.1 micrometer in diameter. 

17. The beaded or granulated polymer matrix according to any of claims 10 to 12. 
20 wherein said particles comprise a spectroscoplcally detectable marker. ' 

18. The beaded or granulated polymer matrix according to any of claims 10 to 12, 
wherein said particles comprise a fluorescently detectable marker. . 

25 1 9. The beaded or. granulated polymer matrix according to claim 18, wherein said . 

fluorescently detectable marker is selected from the fluorescent group of com- 
pounds and materials consisting of fluorencent organic potycycHc compounds, 
conjugated vinylic compounds, heterocyclic transition metal complexes, rare 
earth metal compounds, inorganic oxides and glasses. 

30 

20. The beaded or granulated polymer matrix according to claim 18, wherein said * 
. fluorescently detectable marker is detectable by two photon fluorescence spec- 
troscopy. 
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21. The beaded or granulated polymer matrix according to claim 18. wherein said 
fluorescently detectable marker is detectable by one photon fluorescence spec- 
■ troscopy, 

5 22. The beaded or granulated polymer matrix according to claim 18, wherein said 
fluorescently detectable marker Is detectable by time-correlated photon fluores- 
• cence spectroscopy 

.23. The beaded or granulated polymer matrix according to claim 1, wherein the 
10 polymer is optically transparent in the optical exitation of said fluorescent marker 

and/or the emission wavelength ranges of said fluorescent marker. 

24. The beaded or granulated polymer matrix according to claim 1, wherein the 
polymer is selected from the group consisting of polyethers, polyvinyls, polyac- 

1 5 rylates polyacylamjdes polyaeryiamides. polystyrenes, polycarbonates, polyes- , 

ters, polyamldes, and combinations threreof 

25. The beaded polymer matrix according to claim 1, wherein the polymer is se- 
lected from th^ group consisting of SPOCC. PEGA, HYDRA, POEPOP, PEG- 

20 polyacrylate copolymers, polyether-polyamine copolymers, crosslinked polyeth- 

ylene diamines, and combinations thereof. 

26. The beaded polymer matrix according to claims 1, wherein said panicles com- 

. prise a marker, which is detectable by fast spectroscopic techniques other than 
25 fluorescence spectroscopy. 

27. The beaded polymer matrix according to .claims 26, wherein said fast spectro- 
scopic technique comprise Infrared spectroscopy, raman spectroscopy, viable 
light spectroscopy, U V spectroscopy, electron spin resonance, and nuclear 

30 magnetic resonance. 

28. The beaded polymer matrix according to claims 1 , wherein said particles com- 
prise a marker, which is detectable by fast detection techniques other than 
spectroscopy such as tight -scattering, reflection, diffraction or light rotation. 
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15 



20 



29. Methodtbr spectroscopicany. detecting a marker comprised in the matrix ac- 
cording to any of claims 1 to 28, said method comprising the step of probing the 
marker by a range of frequencies differing by less than 10% based on the nu- 
merical highest frequency value. 

30. Method for spectroscoplcaily detecting a marker comprised In the matrix ac- 
cording to any of claims 1 to 28, said method comprising the step of probing the 
marker by one or more predetermined frequencies. 

31 . The beaded polymer matrix according to claim 8, wherein the ratio R = a/b be- 
tween a) the volume of the beaded or granulated polymer matrix and b) the av- 
erage volume of the particles is in the range of from 1 0000000:1 to 1 0:1 . 

32. The beaded polymer matrix according to claim 31 , wherein said ratio R = a/b Is . 
fn the range of from 1000000:1 to 30:1. 

33*. The beaded polymer matrix according to claim 31 . wherein said ratio R ■ a/b is 
•In the range of from 1000000:1 to 100:1. . 

34. The beaded polymer matrix according to .claim 31 , wherein said ratio R = a/b Is 
In the range of from 1 000000:1 to 200:1 . 

35. The beaded polymer matrix according to claim 31. wherein said ratio R = a/b is 
in the range of from 1000000:1 to 1000:1. 

36. The beaded polymer matrix according to claim 31. wherein said ratio R = a/b is 
in the range of from 100000:1 to 1000:1. 

. 37. The beaded polymer matrix according to claim 31 , wherein said ratio R = a/b Is 
in the range of from 100000:1 to 2000:1 . 

38. The beaded or granulated polymer matrix according to claim 31-38, with an av- 
erage volume of the swelled bead or granule of 0.000001 jiL - 50 jiL 
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39. The beaded or granulated polymer matrix according to claim 31-38, with an av- 
erage volume of the swelled bead or granule of 0.00001 \iL - 5*iL 

40. The beaded or granulated polymer matrix according to claim 31-38, with an av- 
5 erage volume of the swelled bead or granule of 0.001 nL - 1 n,L 

41. A composition comprising a plurality of different, spatially encoded, beads ac- 
cording to any of claims 1 to 40, wherein essentially each bead Is uniquely iden- 

. tffiable. 

10 

42. The composition according to claim 41, wherein the composition comprises at 
feast 10 2 uniquely identifiable beads. 

43. The composition according to claim 41 , wherein the composition comprises at 
* 1 5 least 1 0 3 uniquely Identifiable beads. * 

44. The composition according to claim 41. wherein the composition comprises at 
least 10 s uniquely Identifiable beads. 

20 45. The composition according to claim 41 . wherein the composition comprises at 
least 10 7 uniquely Identifiable beads. 

46. The composition according to claim 41, wherein the composition comprises at * 
least 10* uniquely identifiable be?ds. 

25 

47. The composition according todaim 41. wherein the composition comprises at ' 
least 10" uniquely identifiable beads. 

48. The composition according to claim 41, wherein the composition comprises at 
30 least 1 0 13 uniquely identifiable beads. 

49. The cornposition- according to claim 41 . wherein the composition-comprises at 
least 10 1S uniquely identifiable beads. 
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50. The composition according to claim 41, wherein the composition comprises at 
least 10 17 uniquely Identifiable beads. 

51. The composition according to claim 41 . wherein the composition comprises at 
5 least 10 19 uniquely identifiable beads. 

52. The composition according to claim 41 . wherein the composition comprises at • 
least 10 21 uniquely identifiable beads. 

10 -53. The composition according to claim 41 . wherein the composition comprises at 
least 1 0 23 uniquely Identifiable beads. 

54. The composition according to any of claims 41 to 53, wherein the spatial immo- 
bilisation of the plurality of particles in each beaded polymer matrix is essentially 
15 ' • unique tor each bead. 

65. The composition according to claim 54, wherein the spatial positions of particles 
in each bead are defined by sets of coordinates, <x,y,z) of particle centers of said 
particles, relative to one reference point of the detection. 

20 

56. A method of detection of relative positions in space of centers (x,y,z) of immobi- 
lized particles according to claim 1,2 and 54 where the detection is based on re- 
cording of 2D-pro]ections of the particles. 

25 57. A method according to claim 58 where 3 2D«projectlons are recorded along 3 
orthogonal axis x, y and z to generate 3 sets of 2D-coordlnates (y,z). (x ( z) and 
(x,y). respectively, from which the 3D-coordinates (x,y,z) of particle centers can 
be derived. 

30 • 58. A method according to claim 56 where a stack of 2D projections are generated 
• by confocal or focal microscopy to recreate the 3D image matrix of the bead 
from which the relative particle position (x,y,z) in space can be determined. 

"59: A method for determination of relative particle positions within a bead according 
35 to claim 1 , 2 and 54 based on focussed scanning lasers and laminar fluidics. 
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60. A method according to daim 59 in which the coordinates x and y of a particle 
position is determined by fast scanning two .orthogonally aligned lasers over two 
cross sections of the. moving bead while the z coordinate is determined by the 

5 time of flight of the bead at known flow rates. 

61. A method according to daim 59 in which the coordinates x and y of a particle 
position is determined by using a single laser and a rotating mirror that via 2 or 
three geometrically arranged static mirrors reflects the-iaser beam along 2 or 3 

10 . orthogonal axis 

62. A method for generating a beaded polymer matrix according to any of claims 1 
to 40. said method comprising the steps of 

15 a) synthesizing a monomer or macromonomer and a crosslinker for po- 

lymerization, and 

b) mixing these with the encoding particles to give an even dispersion of 
particles in the mixture, and 

c) polymerizing the polymer by either i) suspension polymerisation 

20 and/on ii) inverse suspension polymerisation and/or lii) bulk polymeri- 

sation followed by granulation and/or iv.) droplet polymerisation. 

63. The method of claim 62, wherein the polymerisation reaction is a radical Initiated 
chain polymerisation reaction. 

25 

64. The method of claim 62, wherein the polymerisation reaction is an anion initiated 
ring opening polymerisation reaction. 

. 65. The method of claim 62, wherein the polymerisation reaction is an cation initi- 
30 ated ring opening polymerisation. reaction. 

66. A method for generating a composition according to any of claims 41 to 55 com- 
prising a plurality of different spatially encoded, beads, wherein essentially each 
beaded polymer matrix Is uniquely identifiable, said method comprising the steps 
35 of 
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a) Immobilizing particles in polymer beads or granulates. 

b) Isolating appropriately labelled beads or granules by automated 
sorting. 

5 c) recording and storing the distance matrix for each bead or granule. 

d) stepwise synthesis of molecules on functional groups of the en* 
coded beads or granules. 

e) recording the Identity of each bead or granule that enter each reac- 
tion. 

10 f) isolating beads or granules of Interest in an assay or a diagnostic 

screen. 

g) identifying the compound attached by recording the identity of each 
of the isolated beads or granules and comparing with the distance 
matrix of all beads or granules. 
15 - 

67. A method for identifying at least one uniquely identifiable, spatially encoded, 
beaded polymer matrix in a composition according to any of claims 41 to 55. 
said method comprising the steps of ■■ 

20 n) determining (he uriique, spatial immobilisation of a plurality of particles in 

the at least one bead to be identified, and 

Hi) identifying said at least one uniquely identifiable, spatially encoded 

beaded polymer matrix based on said unique determination of said spa- 
25 . tially immobilised plurality of particles. 

68. The method of claim 66 or 67, wherein a binding assay is performed by meas- 
uring the binding of a protein to a ilgand bound to the polymer matrix. m 

30 69. The method of claim 66 or 67, wherein an assay is performed by measuring an 
enzyme activity on a substrate bound to the poiymer matrix. 

. 70. The method of claim 66 or 67, wherein an assay is performed by measuring en- 
zyme inhibition of a molecule bound to the polymer matrix. 

35 
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71. The method of claim 66 or 67, wherein an assay is performed by measuring re- 
ceptor interaction with a compound bound to the polymer matrix. 

72. The method of any of claims 56 to 71, wherein said plurality of particles corrv 
5 prise a fluorescently detectable marker. 

73. The method of claim 72, wherein said fluorescently detectable marker is detect- 
able by two photon fluorescence microscopy. 

1 0 74. The method of claim 72, wherein said fluorescently detectable marker is detect- 
able by one photon fluorescence microscopy. 

*• 

75. A beaded or granulated polymer according to any of claims/IB and 19 where the 
fiuorescently detectable marker is selected from the group consisting of dyes 

1 5 • based on the structure of fluorescein, Oregon green, rhodamine, aminobenzolc 

acid, Alexa™ probes. BODIPY-dyes, cascade blue dye, coumarine, naphthale- 
nes, dansyi, indoles, pyrenes pyridytoxazofe, cascade. yellow dye. Dapoxyt Dye. 
Fluorescamine. aromatic ortho dialdehydes, OP A and .NDA, ATTO-Tag's, 7- 
Nrtrobenz-2-Oxa-1 ,3-Dlazole or derivatives thereof, 

20 

76. The method of claim 72, wherein said fluorescently detectable marker is a UV 
or visible light-Excrtable Microspheres. 



27-0&-G2 



52 




53 




54 




56 




57 



27/09 '02 18:09 FAX +45 33320384 H0IBERG APS PATENT- 0G VAKEMLfi @058 

Modtaget 
27 SEP, 2002 




58 




59 




60 




61 




62 



27/09 '02 16: 10 FAX +45 33320384 H OIBERG A PS * PATENT-OG VAREH£ @063 



Modtaget 
27 SEP. 2002 




63 



T tyodtaget • 
2 7 SEP 2002 






















Figi 












..... s .. ... . . ? , 




Mddtaget 
27 SEP. 2002 



4. !. 





PVS 






:.v Tv.-j .si;.::/' 






- ■ : • * - U^.^v r.wy. 












* :' f 




, Modtageit 
2 7 . SEP. 2002 
PVS 



O 

• Vp-' 

• 0 : 




f 1 ' 



27/09 f 02 16:25 FAX +45 33320384 



H0IBERG AP£ 



! 

I 

c 
c 

«, 

, 'Si 

., $ f3| 

! 

.a 

o 



Cft 

5 



Other possible | 












VR | 








■3 












FH 




> 




VL 


Pic 


HL 


NT 


AN 


Ph 


'« 




OA 




OA 


AL 


cr 
a> 

CO 


HF 




AN 1 


PH 


PK 


FR 


OA 


RQ 


OA 


AL 








' eri 


i »* 








oo 


as' 


W- 






\ 

% 


if 


*■ * i j 
^! • 


i' ; \ 


• 










CO 




s* 
•I 
» » 

V 




t 


•*i 

T 

i # 












a. 

1 

O 












GF. 


& 








Pic 


CF 


AY 


DV , 


EF 


FD 


GM 




LP 


WW 


YW 


Seq 


CF 


AT 


t 


AH 




GM 

■ 




LP 


WG 


YW 




i—i 




m 










OO 




o 



_-» PATENT-OG VABEMfi ©073 

Modtaget 
[27 SEP. 2002 

pvs 



s 



..' >." •«: 
:7- y. 



•5 



73 




74 




75 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
^□^LURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
^jHTlines OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



